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(71) We, HOECHST AKTIENGB- 
SELLSCHAFT, a bod^ corpozatt ovgdniGed 
accotding to the laws ol the Fedezal RepoUic 
oi Gennany, of 6230 Ffankfurt/Mflia 8% 
Postfach 80 03 20, Federal R^iAlic of Get- 
muofs cU) hezcbsr dedare the invention for 
wbidi wc pray that a patent may be gramed to 
HSU and the metliod by wMcli it Is to be per- 
fonned, to be paiticalBr|y described In and by 
the loUowipg statement:— 

This iovmtion relates to flame retarding 
polyamide compositkuts. 

. It is known mat red pho^hcxus and organo- 
phosphorus compounds may influenc e ^ 
flflmmnh llity of po^amlde^ and thatmcer- 
tain cases they have a good flame retarding 
cfiect« 

The difiSculty of using organo-pht^horus 
ccsmpounds for flamepxopfing polyamides re- 
sides in the fact that these compounds often 
have insufficient stability under the manufac- 
turing or processing cooditions necessary^ for 
polyamides^ that th^ arc not chemically inert 
in certain cases, or that they have a too high 
>^por pressure and thus volatili2e when ther- 
mal stress is put cm the polyamide^ especially 
at reduced picssare. . .. 

The nzesent invention provides a poryamide 
compoadoo comprising a polyamioe and as 
flami^iroofing «» gp"*'j fran 6 to 40 weig^ %j 
calculated on dbe potyamide^ of a sak a 
phosphiitic add of the formula 




35 oradipho^hinicaddof tlttfoimula 



iavrtxich . , ^ a 

M is an alkali metal or a metal of me secona 
or third group of the Periodic System^ 
n is the valen^ of the metal M» 
each of R and RMs an alley! or cydoalkyl 
radical having ficom 1 to 16, preferably frra 
1 to 6, carbon attmu, or an arj^ ot araU^ 
radical having from 6 to 16 carbon atoms^ and 
Ri is an alkylcne, CTcloallylenei arylafigdm^ 
axylene, aryleoe-alkylene or arcne-bisalkyjent 
radical having from 1 to 6, preferably from 2 
to 4, carbon atoms in the a&ylene radical 

Suitable ozgano-phosphorus compounds lor 
use according to the present Inventian are for 
fypmpig the alkali, alxalme eard^ magnesnzm, 
2inc and aluminium sate; of dhned^d phos- 
phinic, methylcthy:^hoq>hinic, methylproTOr 
phosphinic, mediylhe]7^hosphinic;» edQrl- 
phenylphosphinic* dicthy^jho^hinic, cdiane- 
l>dimcthyIphosphinic, eihane^l,2-diediyi- 
pfaosphinic cthanc-i;j-diphenylphosphinfc and 
butBne-l,4-dimcthylphosphinic adda^ 

Espedally preferred compositions of the 
salts of phosphinic and diphosphink adds of 
the formulae I and EE. The amount of pho»- 
phimc or diphosphinic salt depends on the 
polyamide and the flam^roof lug requirements, 
and is from 6 ro 40, preferably from S to 30, 
weight %, calculated on the wdght of the 

^^e^^yamides which, in combination with 
the metal sabs of the phosphinic adds of 
formulae I and II, yidd die compositionB of the 
present invention, are espeddly amorphous 
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polyamid^ whidi aie derived for example, 
from such Trnfn diamine components as 1,3- 
or l,4-bi8-(aminomethyl)-cyclohe3:anc, 2,5- or 
2,6 > bis - (aminomethyl) - bicyclD(2,2,llhep- 
5 taac, dimethyl - bis - (4 - aminocyclohexyl)- 
methane, or 2A4-tnmcthyIhcxamethyI- 
ene^Kliamine or sylykne-diamine. 

The polymnideB are derived for example, 
from 

10 (i) from 5 to 50 mol %, preferabty from 

ID to 35 mol-%^ of 1^3=bi5=<™mo-- 

methyl) -cydohesane and/or 1,4-bis- 
(am2nomethyl)-cyclohcxanc and/or 2>5- 
bis - (aminomethyl) - bicyclo[2Al]- 
heptane and/or 2,6 - bis - (amino- 
.mediyl) - bicyclDl2^,l]heptane and/or 
at least one bis-(4-aminocyclohexyl)Hde- 
rivative of an allcane having from 1 to 6 
cajtoi atoms, preferably from 1 tn 3 
carbon atom^ and/or m-xylylene- 
diamine, or a mixture of m-xylylene- 
diamine with up to 50 mol %, preferably 
up to 30 mdi % of p-xy^taie-diaminc; 

(ii) from 0 to 45 mol %, prefendilty frwn 0 
25 to 35 mol %, of at least erne atraight- 

diain or bzanched aliphatic diamine hav- 
ing from 4 to 20 carbon atxanfl^ prefer- 
ably from 6 to 12 carbon atoms, the 
amino groups being separated by at least 
30 4 carbon atoms, preferably by at least 6 

carbon atoms; 

(iii) from 5 to 50 mol preferably from 10 
to 35 mol %, of at least one aromatic 
dicaiboxylic acid having from 7 to 20 

35 carbon atoms, preferably from 8 to 14 

carbon atoms, especially a mononuclear 
aromatic m- or p-dicarbox^ic add; 

(iv) from 0 to 45 mol preferabty from 0 
to 35 mol %, of at least one saturated, 

4Q straight-ch^ or branched aliphatic di- 

carboxylic add having from 6 to 20 
carbon atoms, preferably from 6 to 12 
carbon atoms, the caxboxyl groups bang 
separated by at least 4 carbon atoms; and 

45 (v) from 0 to 80 mol preferably frcm 0 
to 50 mol %, of at least on e ahp hatiC 
amino-carboxylic acid having from 2 to 
20 carbon atoms, preferably from 6 to 
12 caxbon atom^ especially an w-amino- 

50 carboxylic add, or its kctam, tte mol 

% sum of components (i) and (u) 
equalling the mol % sum of components 
7k) and (iv), the mol %,,sum of all 
ramponents (i), (ii), (iii), (iv) and (v) 

55 beii^ 100, 

tbe mol % sum of components (i) and 
(iii) being from 20 to 95, preferably 50 
to 90, . 
the mol % sum of components (lij, (iv) 

60 and (v) being from 5 to 80, preferabQr 

from 10 to 50, and , , . 

all the mol percentages being calculated 
on the sum of all components (i), (ii), 
(iii), (hr) and (v). 



The polsramides used in die compositions of 
the present invention may be preparwl accord- 
ing to laiown processes. Diamine(s)4 dicarb- 
osnrlic add(s) and optionally aminocaibagrlic 
acid(s) or its/their lactam (s) are introduced 
the addition of wat». It ia often convenient 
to prepare first a sah based on the starting 
components, this salt then being introduced 
into ti^ steel- autodave, optiooalfy with water. 
The CTn*'^"^ of tixe auinclave are heated to 
frffffl ^pp^ytiriily 2nQ to 260^C wtnfe 
n fiff Steam is tbea disdiarged and the tem- 
perature increased to from 265 to 300°C At 
this temperature condensation is contixmed in 
a nitrogen cu ii c tii, optional^ under reduced 
pressure, until the po^rasdide has attained the 
desired molecular wei^iL 

Polyamides with espedally high molecular 
weights and good mecbaniod properties are 
obtained by submitting the polyamides prer- 
pared in the autoclave to condensation in a 
further processing step^'preferabfy in a double 
screw CTtmder under reduced pressure. 

libe polyamklea should have a reduced 
specific viscosity (RSV) — d^eimxned on a 
solution <^ 1 g of pofyiunide in' 100 ml of a 
60:40 by weight mixture of phenol/tetradiloro- 
ethane at 25'C — of fxron 0.7 <fl/g to 3.0 dl/g, 
prefer^ly from 0.9 to 2.8 dl/g. 

The phosphinic add salts, of the formulae I 
and n may be added to dxe stajtiiig po^wpn- 
densation batdi, or to the finished polyamidc, 
or at any time duriiig tije polycoQdeAsatxQtt. 
When adding the phosphinic aicid salts to a 
finished polyamide, tbef are advantageous^ 
mixed with the granulated pofyamide;, and this 
mixture is either processed dirccdy, for ex- 
ample on an injection moulding machine, or 
first mehed in an extruder^ granulated and then 
processed after drying. , 
The roaiding action of the pho^hmic 
add salts is examined accordiri^ to ASTM D 

635 68 (m test specimens bavmg dimensions 

of 127 X 12.7 K 1.6 mm. The polyamide com- 
positions of the prcseitt invention are either 
sdf-extinguishing or non-flairmiable;, depending 
on the concentration of the fiamqsrooflng 
agent For example, a content of 20 weigiit % 
of tiic xinc salt of dimcthylphosphinic add m 
a polyamide obtained from 0.9 mol of tcrc- 
phthafic add, 0.1 mol of isophthalic add, 1.02 
mols of l^-bisaminomediyl-cydohexanc, and 
30 weight % of adipic acid^icxamcdqricne- 
diamine salt ensures suffident flame retazdiiig 

^"iSS^^^oaphorous compounds c o ntai n ed in 
the fiame retarding pofyamide compositions of 
the present invention are thermostable and do 
not adversely affect the polywrudes cither dur^ 
ing their preparation or during their process- 
ing, and because of their sah charactciisrics, 
they are non-volatile under the preparatron and 
processing conditions. 

In addition to the phosphinic aod salt^ 
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theie may be added to the compositioiis^ of 
the present inventiazi inorganic fiber materials 
in the usual amounts^ for example ^lass fibers^ 
and fibers of quartz;* asbestos or carbon. The 
tfaiclnigy*, especially of the glass fiber?, is 
advantageously from 0.1 to 50, preferably from 
3 to 15| micronSi and tbdr Ung^ advantage- 
onsiy finnn 0.01 to 5« prcferaibly from 0.05 to 
1, mm. The anicimt of ^ fibers is advantage 
ously up to 50, preferably from 10 to 30, 
weight % j relative t o the compositionB^ 



The po^ramide compositions of ~Qie present 
invention may also contain further additives^ 
for example stabilizers^ lubricants, dyestuffsj 
15 mould release agents, antistatics and fillers. 

The flameproofed polyamide compositions of 
the present invention are suitable for the manu- 
facture of articles for engineering purposes, for 
example construction pieces for elecdical 
20 automatic machines and structural members in 
apparatus^ parts of mechanical transmission in 
data processing systems. 

The following Examples tllustratt the 
invention. 

25 BXAAlPLEla: 

A mixture of 66.4 g of terqdbifaalic addj 
32.4 g of a bisaminomc^lncBbomane mizturei 
49.8 g of »<apiolactam and 37.2 g of the 
disodium salt of etbane-l,2-dimetfaylpho^himc 

30 add was dowly heated to 275*'C with agitation 
and under a nitrc^n amuisphere. The water 
formed in the condensatiDn was distilled off via 
a descending condenser. The reaction batdi 
was m«"^»^*"»d at 275*C for anodier hour, and 

35 subsequently 178 g of solid polyamide were 
obtained. 

The product cooled by dipping into hquid 
nitrogen was groimd in a cross beater mill, 
dried for 5 hours under reduced pressure (less 

40 than 1 nmi Kg) at 180*^0, and cmnpressian 
molded at 235**C to plates having a thickness 
of 1.6 mm (RSV 134 dl/g). The test sped- 
meos (127 x 12.7 X 1.6 nnn) obtained by saw- 
ing were subjected to the combustion test 

45 according to ASTM D 635—68. The resuU 
of the test is indicated in Table 1. 

EXAMPLE lb: (Comparative EsMmpk) 
A pdyamide of terephmalic add, bisamino- 

methyinorbomane misture and e-caprolaaam 
50 was prepared as described in Example la, but 

without addition of the phosphinic add sal^ 

and tested according to ASTM D 635'-^8 

(Table 1). 

In order to prepare die bis-(ammomethyl)- 
55 noibomane mixture, 2-cyano-bicydo/2Al/ 
heptanc-5 was hydroformylated. The reaction 
mmure was reaped with ammonia and hydro- 
gen xo form the bis-(aminomethyl)-nori>ornane 
miztuxe. 

60 EXAMPLE 2: 

A mixture of 66.4 g of terephthalic add. 



58 g of 1,3-bis-amhiomethyl-cydohexane 
(mainfy present in the tz&ns-form}, 36J g of 
e^prolaccam and 3Z.9 g of diisodium salt of 
ethane-l,2*dimetfay^ho8phinic add was slowly 55 
heated to 275'^C under a mtfogen atmosphere 
and widi agitation. The water formed in the 
condensadon was distilled off via a descending 
cooler. The reartion batch was maintained at 
275**C for a further hour, and 152 g of solid 70 
polyamide were then obtained. 

Test nsedmcos were manufactured from the 

"prod uct m the mannert escribed-in BaLam pte 

la (RSV 1.02 dl/g), and subjectai to the 
combustion test according to ASTM D 75 
635—68. The resuh of the vest is mdicated in 
Table L 

EXAMPLE 3a: 
A mixture of 1493 g of terephthalic aad, 
16.6 g of isophthdic add, 145.1 g of 13-bis- 80 
aminometfayl-cydohexane, 116.7 g of adipic 
add-hexamethylcne-diamine sale (AH salt) 
and 93 g of rinc salt of duncd^y^hojphinic 
add was heated slowly to 275*C In a niuogen 
atmosphere and with agitation, FolfcxKidensa- 85 
tion occured, and die condensation water was 
distilled off via a dcsccndins cooler. The re- 
action batdi was maintained at 275*'C for a' 
further hour. 3915 g of solid polyamide hav- 
ing a milky wlute color were obtained^ 90 

According to the indications given in Er- 
ami^ la, test specimens (RSV 0.98 dl/g) 
were manufacuized and subjected to the com- 
busdon test according to ASTM D 635—68. 
The ma^ial was non-fianomable, as indicated 95 
in Table 1. 

EXAMPLE 3B: (Comparative Example) 
A polyamide was prepared according to Ex- 
ample 3a from terephthalic add, isophthalk 
add, l,3-*is-flminomcthyl-cydohe3cane and AH 1 w 
salt^ but without addition of the phosphinic 
add salt^ and tested according to ASTM D 
635--68 (Table 1). 

EXAMPLE 4: 
As described in Esarxmle 3a, a polyamide 105 
was prepared m which 93 g of zinc salt of 
dimethyfphosphinic add were replaced by 96 g 
of disodmm salt of etbaiie-l,2-dimethy]phos- 
phinic add. The pnuhict obtained widi a yield 
of 420 g was non-flammable according to the HQ 
combustion test of ASTM D 635—68, as in- 
dicated in Table 1. RSV of the test spedmcns: 
0.88 dl/g- 

EXAJViPLE 5: 
As described in Example 3a, a polyamide 115 
was prepared m which the zinc salt of di- 
methylphosphinic add was replaced by dve 
same amount of the zinc salt of ethanc-1,2- 
dimethylphosphinic add. 420 g of product were 
obtained. RSV of the compression molded 120 
plaie: 0.92 dl/g. The test aocoxdmg to 
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ASTM D 635—68 jnovcd the non- 
flammabili^, as indicated in Table 1. 



I 



EXAMPLE 6: C/ig 
As described in Example 3a, a polyamidc 

was prepaied in which the zinc of di- xhe product obtained witis a yield of 416 g 

methyiphosphinic acid was replaced by 90 g y^as non-flammable according to the ASTM D 

of disodium salt of p-2yiyiene-dimethylphos- 635— 6S test, as indicated in. Table 1. RSV 

phinic add of the fomuila of the compression molded plaie: 0*82 dl/g. 
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WHAT WE CLAIM IS:— 

1. A polyamide composition comprising a 
polyamide and as flameproofing agent, from 6 
to 40 weight %j calculated on the' polyamide 
of a salt of a phosphinic acid of the fonnula 



R— P-O— M^'- 



or a diphosphinic acid of the formula 
O O 
M*^''*— oJ— Ri— 1^— O— M*^" 



2. A composition as clflymed in claim^ 1« 
which contains the phosphinic or diphosphinic 
add salt in an amount of from 8 to 30 weight 
%, calculated on. the pcdyaxnide. 

3. A composition as chimed m dalm 1 or 
claim 2, wherein the pho^hinic or dip[hosiduiiic 
add salt is.a zinc salt. 

4. A composition as claimed in anyjcme or 
claims 1 to 3 wherein the polyamide^ is an 
amorphous polyamide derived fnna« as diamine 
compoaent, 1,3- or l,4-bis-C^QQ'°^ y^)' 
<7dohexane» 2,5- or 2,6-bls-(axninomcdiylj- 
bicydo [2A1 ] heptane, dimefliyl-*is-(4-amino- 
cyclQhnyl)"m^liane;> 2A4- or 2A4-tn- 

' vlhecamediylene-diamfne or syiylene- 
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In which 

M is an alkali metal or a metal of the second 
of third group of the Periodic System, 

n is d^ valency of the metal M, 

each of R and R' ^ an alkyl or cydoalkyl 
radical having from 1 to 16 cariMm atoms, azyl 
or aralkyi radicals havfaig from 6 to 16 caibon 
Atouu, and 

Ri is an alkykne, cycloalkykne, arylalkylene, 
aryloie, aryloie-a^lene or arene-bisalkylene 
radical having from 1 to 6 caxbon atoms in 
the alkylene radicaL 
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5. A composition as claimed- in any one of 
claims 1 to 4, which also comains a filler. 

6. A poly^de composition as claimed in 
dann 1 substantially as described in atfy one 
of Examples 1 to 6 herein. 

7. A shaped artide comprising a polyamide 
ccmpoddon as claimed in any one of daims 
1 to6. 
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